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(57) ABSTRACT

A vehicle BIW sub-assembly comprising two or more struc-
tural members each having at least one engaging portion.
The engaging portions of at least two of the structural
members being connected to each other by a node unit
formed of two or more shell members assembled with each
other. The node unit having at least two designated sockets,
each snugly receiving one engaging portion of one of the
structural members, wherein at least one of said designated
sockets is an interior socket formed between the two or more
shell members.
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1
VEHICLE BODY IN WHITE AND METHOD
FOR ITS MANUFACTURING

TECHNOLOGICAL FIELD

The present disclosure concerns a vehicle body in white
(BIW) and method for its manufacture, particularly suitable
for mass production.

BACKGROUND

It is known the art of automobile manufacturing that Body
in White (BIW) is an assembly of a vehicle body’s compo-
nents permanently and fixedly joined together and consti-
tuting a frame structure of the vehicle’s body configured to
support its remaining components such as the engine, chas-
sis sub-assemblies, trim (glass, doors with their locks/
handles, seats, upholstery, electronics, etc.). The stage of
manufacturing of the BIW in the entire process of manu-
facturing a vehicle thus precedes such manufacturing stages
as painting and assembling the above remaining compo-
nents.

Traditionally, structural members of BIWs are produced
of metals and alloys and are permanently fixed to each other
by such conventional techniques as welding, riveting,
clinching, bonding, laser brazing, etc.

High volume manufacturing in the automotive industry
requires automation in producing and processing the com-
posite structural members, e.g., by pultrusion.

Pultrusion technology for producing composite structural
members, e.g. composite beams/pillars, mainly consists of
the forming of impregnated fibres in a die (impregnation is
performed in an open bath or by injection). The die is also
responsible for the curing of the resin by means of a heating
system (frequently by heat resistors). Once the composite
beams has been pulled, they can be cut into the desired
length. Such structural members have improved qualities
over conventional structural members made of steel.

GENERAL DESCRIPTION

The present disclosure thus refers to a vehicle sub-
assembly configured to constitute a part of a BIW, compris-
ing two or more structural members connected to each other
by a node unit, at least one of the members being made of
composite material.

Since composite materials have much lower weight than
traditional materials from which BIWs are normally pro-
duced, their use in the automobile manufacturing industry is
very attractive. The present disclosure is thus directed to
provide a solution suitable for commercial use in the manu-
facturing of BIWs, allowing permanent fixation of structural
members made of composite materials to each other and to
structural members made of non-composite materials such
as traditional metals and/or alloys.

More particularly, according to one aspect of the presently
disclosed subject matter, there is provided a vehicle having
a BIW comprising two or more structural members con-
nected to each other by a node unit assembled of at least two
separate shell members fastened to each other to form a
common integral body with two or more designated sockets,
each of the structural members having at least one engaging
portion snugly received within one of the designated sock-
ets, at least one of the designated sockets being an interior
socket formed between socket portions of at least two of the
shell members such that a complete interior socket is formed
only when the shell members are fastened to each other.
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Alternatively or in addition to the above, one or more of
the shell members can each be formed with its own socket
configured for accommodating the engaging portion of one
of the structural members, this own socket existing inde-
pendently of the assembly of the shell members with each
other.

A cross section of at least one of the designated sockets of
the node unit can correspond to a cross section of the
respective engaging portion of the structural member snug-
gly received therein.

Each pair of the shell members of the node unit can be
formed with auxiliary flanges having mating configurations,
at which the shell members can be configured to be secured/
fastened to each other, so that a contact area between the
auxiliary flanges constitutes a majority of the total contact
area of the shell members of the pair. The securing of the
auxiliary flanges to one another can be performed by any
conventional techniques such as welding, riveting, clinch-
ing, bonding, laser brazing, gluing using a suitable adhesive,
or any other known securing method, or a combination
thereof. At least the auxiliary flanges of the shell members
can be made of a sheet material, which can be a metal or a
metal alloy. The auxiliary flanges can be further configured
to facilitate applying pressure thereupon during forming of
the shell members.

The entire node unit can be made of metal or alloy, such
as aluminum, steel, magnesium, etc., which can be in the
form a pressed sheet material. Alternatively, at least one of
the shell members of the node unit can be made of a
composite material.

The node unit can further comprise fasteners configured
to secure the shell members of the node unit to each other.
According to a particular example, such fasteners can extend
through the auxiliary flanges of the shell members.

The node unit can be configured to be connected to
another node unit so as to create a complex node structure.

The separate shell members can be formed as a unitary
member comprising two or more shell portions connected
along one or more folding lines of the node unit. Alterna-
tively, the one or more shell portions can be integral with one
another.

At least one of the shell members can be deformable
between an original state which it has prior to being secured
to another shell member and deformed state which it has at
least after being secured to another shell member to form the
at least one designated socket configured to snugly receive
a portion of the structural member.

At least one of the shell members can be attached to or
constitute a part of a portion of a vehicle which is other than
its BIW, such as a wall of a vehicle, e.g., a sidewall, a floor
wall, a roof wall, a bulkhead wall, etc. The wall can be a
sheet metal wall, e.g. it may be made of a sheeted aluminum
alloy, sheeted steel alloy, or sheeted magnesium alloy.

Such shell members allow the vehicle BIW to be
assembled in layers together with at least some of the vehicle
walls. For example, the first layer can include a wall attached
with, or integral with, a first shell member, the second layer
can include the structural members, while the third layer can
include a second shell member which constitutes a mate for
the first shell member.

At least the engaging portion of at least one of the
structural members of the vehicle, which is received within
the interior socket of the node unit, can be made of com-
posite material.

The shell members can be fastened to each other over that
engaging portion. The shell members can be configured to
be pressed at least against one engaging portion, so that the
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corresponding interior socket is rendered a shape conform-
ing to the shape of this engaging portion.

The engaging portion of at least one of the structural
members can constitute a middle engaging portion disposed
between side portions of the structural member, and the
corresponding socket can constitute an embracing socket
configured to receive therein the middle engaging portion so
that the side portions of the structural member protrude
therefrom. The embracing socket can be the interior socket.

Two or more designated sockets of the node unit can be
interior sockets, and the shell members can be fastened to
each other over the corresponding two or more engaging
portions.

One, two or more of the structural members can be made
of composite material, e.g., thermosetting resins combined
with glass or carbon fibers. Composite structural members
have good mechanical properties and high corrosion resis-
tance by maintaining low weight, when compared to con-
ventional structural members which are made of steel.

According to an example, at least some of these structural
members, being made of composite material, are manufac-
tured in a process of pultrusion.

The structural members can be beams/pillars of the
vehicle BIW.

The node unit can have greater resiliency to stress than the
structural members fixedly connected thereby.

The engaging portion of at least one of the structural
members can be formed with a designated depression con-
figured to receive therein a protruding engaging inner por-
tion of the corresponding shell member.

The engaging portion of at least one of the structural
members can constitute a middle engaging portion disposed
between side portions of the structural member, and the
corresponding socket constitutes an embracing socket being
configured to receive therein the middle engaging portion so
that the side portions of the structural member protrude
therefrom.

The embracing socket can be an interior socket.

According to another aspect of the disclosure, there is
provided a vehicle BIW sub-assembly comprising two or
more structural members having two or more respective
engaging portions connected to each other by a node unit
having any of the features described above.

According to another aspect of the disclosure, there is
provided a node unit having any of the features described
above and configured to be integrated in a vehicle BIW
sub-assembly comprising two or more structural members
whose two or more engaging portions are to be connected to
each other by the node unit.

The term BIW as used herein denotes a structural frame
of'a vehicle or a portion thereof, designed to bear loads. This
term can refer for example to a vehicle spaceframe, a vehicle
chassis, a vehicle frame, a vehicle monocoque, a vehicle
unibody, a vehicle body on frame, etc.

The term structural member as used herein denotes any
structure or assembly configured to constitute a portion of a
BIW. A structural member can be a unitary body, e.g. a 3D
or 2D truss, a support beam, a sheet panel, or be an assembly
comprising two or more unitary bodies.

According to yet another aspect of the present disclosure
there is provided a method for manufacturing a vehicle BIW
sub-assembly; the method comprising the steps of:

(a) providing two or more structural members each having

at least one engaging portion;

(b) providing at least two separate shell members, which

when assembled with each other form a node unit with
two or more designated sockets each configured to
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snugly receive one of the engaging portions of the two
or more structural members, at least one of the desig-
nated sockets being an interior socket formed between
socket portions of the at least two shell members;

(c) assembling the shell members and the structural
members by ensuring that the engaging portions of the
structural members are snugly received within the
designated sockets;

(d) the assembling of step (c) comprising fastening the
shell members to each other over the engaging portion
of at least one of the structural members to as to form
the interior socket and fixedly secure this, fasten-over
engaging portion within the interior socket of the node
unit.

Optionally, the above method can further comprise an
intermediate step (e) of snugly inserting at least one of the
engaging portion of the structural members other than the
fasten-over engaging portion into to a designated socket
other than said interior designated socket, and fastening this
other, non-fasten-over engaging portion therewithin. The
intermediate step (e) can constitute a part of the ensuring in
step (¢) and it can be performed simultaneously with or prior
to step (a).

The two structural members can have longitudinal axes
and can be fixedly secured to each other so that their
longitudinal axes form a non-zero angle with respect to each
other.

The fastening of the two shell members node unit to each
other to form the node unit can be performed using any
suitable fastening techniques such as welding, riveting,
clinching, screwing/bolting, bonding, laser brazing fastener,
gluing, etc., and can include applying force to the shell
member including pressing, deforming or the like.

The above aspects of the present disclosure, and particu-
larly, the specific manner in which at least two structural
members of a BIW are connected according to these aspects,
can be highly effective when at least one engaging portion
of at least one of the members is made of composite
material. They can also essentially facilitate mass produc-
tion of such sub-assemblies and their incorporation into a
traditional car production line or on a slightly modified car
production line, in an efficient and cost effective manner.

The above general description has been provided so that
the nature of the disclosed subject matter can be generally
understood without being limited to specific embodiments
and examples. A more specific description is provided below
with reference the following Embodiments and to Detailed
Description of examples shown in the drawings presented
after the list of embodiments:

1. A vehicle with a BIW comprising two or more structural
members having two or more respective engaging portions
connected to each other by a node unitnode unit formed of
two or more shell members assembled with each other, the
node unit having at least two designated sockets, each
snugly receiving one engaging portion of one of the struc-
tural members, wherein at least one of said designated
sockets is an interior socket formed between the two or more
shell members.

2. The vehicle according to Embodiment 1, wherein at least
one of the shell members is attached to a wall of the vehicle.
3. The vehicle according to Embodiment 1 or Embodiment
2, wherein at least one of the shell members constitutes a
part of a wall of the vehicle.

4. The vehicle according to Embodiment 1, Embodiment 2
or Embodiment 3, wherein said wall of the vehicle is a sheet
metal wall.
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5. The vehicle according to any one of Embodiments 2 to 4,
wherein said wall of the vehicle is made of at least one of
aluminum alloy, steel alloy, or magnesium alloy.

6. The vehicle according to any one of the preceding
embodiments, wherein at least the engaging portion received
within said interior socket is made of a composite material.
7. The vehicle according to Embodiment 6, wherein the shell
members are fastened to each other over the engaging
portion made of a composite material.

8. The vehicle according to any one of the preceding
embodiments, wherein two or more of the engaging portions
of the structural members are made of a composite material.
9. The vehicle according to any one of the preceding
embodiments, wherein two or more of the designated sock-
ets of the node unit are interior sockets defined between at
least two of the shell members, and these shell members are
fastened to each other over the respective engaging portions.
10. The vehicle according to any one of the preceding
embodiments, wherein at least one of the structural members
is made of a composite material.

11. The vehicle according to any one of the preceding
embodiments, wherein at least two of the structural mem-
bers are made of a composite material.

12. The vehicle according to any one of the preceding
embodiments, wherein the structural members are beams or
pillars of the vehicle BIW.

13. The vehicle according to any one of the preceding
embodiments, wherein the shell members are made of a
sheet material.

14. The vehicle according to any one of the preceding
embodiments, wherein the shell members are made of a
non-composite material.

15. The vehicle according to any one of the preceding
embodiments, wherein the shell members are made of metal.
16. The vehicle according to any one of the preceding
embodiments, wherein the shell members are configured to
be pressed at least against one engaging portion of at least
one of the structural members, so that the corresponding
interior socket is rendered a shape conforming to the shape
of this engaging portion.

17. The vehicle according to any one of the preceding
embodiments, wherein the engaging portion of at least one
of the structural members constitutes a middle engaging
portion disposed between side portions of the structural
member, and the corresponding socket constitutes an
embracing socket receiving therein the middle engaging
portion so that the side portions of the structural member
protrude therefrom.

18. The vehicle according to Embodiment 17, wherein the
embracing socket is the interior socket.

19. The vehicle according to any one of the preceding
embodiments, wherein the two or more designated sockets
are interior sockets formed between two or more of the shell
members.

20. A vehicle BIW sub-assembly comprising two or more
structural members each having at least one engaging por-
tion; the engaging portions of at least two of the structural
members being connected to each other by a node unit
formed of two or more shell members assembled with each
other, the node unit having at least two designated sockets,
each snugly receiving one engaging portion of one of the
structural members, wherein at least one of said designated
sockets is an interior socket formed between the two or more
shell members.

21. The vehicle BIW sub-assembly constituting a part of the
vehicle according to Embodiment 20.
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22. The vehicle BIW sub-assembly according to Embodi-
ment 20 or 21, wherein at least the engaging portion
received within said interior socket is made of a composite
material.

23. The vehicle BIW sub-assembly according to any one of
Embodiment 20 to 22, wherein the shell members are
fastened to each other over the engaging portion snugly
received within the interior socket.

24. The vehicle BIW sub-assembly according to any one of
Embodiment 20 to 23, wherein the two or more of the
engaging portions of the structural members are made of
composite material.

25. The vehicle BIW sub-assembly according to Embodi-
ment 24, wherein at least two of the designated sockets of
the node unit are interior sockets formed between the shell
members, and the shell members are fastened to each other
over the engaging portions received within these interior
sockets.

26. The vehicle BIW sub-assembly according to any one of
embodiments 21 to 25, wherein at least one of the structural
members is made of composite material.

27. The vehicle BIW sub-assembly according to any one of
embodiments 21 to 26, wherein at least two of the structural
members are made of composite material.

28. The vehicle BIW sub-assembly according to any one of
embodiments 21 to 27, wherein the structural members are
in the form of vehicle beams or pillars.

29. The vehicle BIW sub-assembly according to any one of
embodiments 21 to 28, wherein the shell members are made
of a sheet material.

30. The vehicle BIW sub-assembly according to any one of
embodiments 21 to 29, wherein the shell members are made
of a non-composite material.

31. The vehicle BIW sub-assembly according to any one of
embodiments 21 to 30, wherein the shell members are made
of metal.

32. The vehicle BIW sub-assembly according to any one of
embodiments 21 to 31, wherein the shell members are
configured to be pressed at least against the engaging
portion, over which the shell members are configured to be
fastened to each other, so that the corresponding interior
socket is rendered a shape conforming to the shape of this
engaging portion.

33. The vehicle BIW sub-assembly according to any one of
embodiments 21 to 32, wherein the engaging portion of at
least one of the structural members constitutes a middle
engaging portion disposed between side portions of the
structural member, and the corresponding socket constitutes
an embracing socket being configured to receive therein the
middle engaging portion so that the side portions of the
structural member protrude therefrom.

34. The vehicle BIW sub-assembly according to 33, wherein
the embracing socket is the interior socket.

35. The vehicle BIW sub-assembly according to any one of
embodiments 21 to 34, wherein at least two of the desig-
nated sockets are interior sockets.

36. A node unit configured to be integrated in a vehicle BIW
sub-assembly comprising two or more structural members
whose two or more engaging portions are to be connected to
each other by said node unit; said node unit being formed of
two or more shell members assembled with each other, the
node unit having at least two designated sockets each
configured to snugly receive one engaging portion of one of
the structural members, at least one of said designated
sockets being an interior socket formed between at least two
of the shell members, the shell members being configured to
be fastened to each other over at least one of the engaging
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portions, to fixedly secure at least that engaging portion
within the interior socket of the node unit.

37. The node unit according to Embodiment 36, wherein the
shell members are made of a sheet material.

38. The node unit according to any one of Embodiment 36
or Embodiment 37, wherein the shell members are made of
a non-composite material.

39. The node unit according to any one of Embodiment 36,
Embodiment 37 or Embodiment 38, wherein the shell mem-
bers are made of metal.

40. The node unit according to any one of embodiments 36
to 39, wherein the shell members are configured to be
pressed at least against the engaging portion, over which the
shell members are configured to be fastened to each other, so
that the corresponding interior socket is rendered a shape
conforming to the shape of this engaging portion.

41. The node unit according to any one of embodiments 36
to 40, wherein the engaging portion of at least one of the
structural members constitutes a middle engaging portion
disposed between side portions of the structural member,
and the corresponding socket constitutes an embracing
socket being configured to receive therein the middle engag-
ing portion so that the side portions of the structural member
protrude therefrom.

42. The node unit according to Embodiment 41, wherein the
embracing socket is the interior socket.

43. The node unit according to any one of embodiments 36
to 42, wherein at least two of the designated sockets are
interior sockets formed between at least two of the shell
members.

44. The vehicle according to any one of Embodiments 1 to
19, or the BIW sub-assembly according to any one of
Embodiments 20 to 35, or the node unit according to any one
of embodiments 36 to 43, wherein the designated sockets
have such mutual orientation that, when the engaging por-
tions are received therewithin, they have a load bearing
interface between them.

45. The vehicle or the sub-assembly or the node unit
according to Embodiment 44, wherein the load bearing
interface is a partition at least partially separating between
the sockets.

46. The vehicle according to any one of Embodiments 1 to
19, 44 or 45, or the sub-assembly according to any one of
Embodiments 20 to 35, or 44 or 45 or the node unit
according to any one of embodiments 36 to 43, or 44 or 45,
wherein the shell members are configured to be fastened to
one another by an adhesive.

47. The vehicle according to any one of Embodiments 1 to
19 or 44 to 46, or the sub-assembly according to any one of
Embodiments 20 to 35 or 44 to 46, or the node unit
according to any one of embodiments 36 to 43 or 44 to 46,
wherein at least two of the shell members constitute mating
shell members and are formed with respective mating aux-
iliary flanges configured to engage each other when the two
shell members are fastened to each other, each of the flanges
extending between two of the designated sockets.

48. The vehicle or the sub-assembly or the node unit
according to Embodiment 47, wherein when the at least two
mating shell members are fastened to each other, a contact
area of their auxiliary flanges constitutes a majority of the
total contact area of these shell members.

49. The vehicle or the sub-assembly or the node unit
according to Embodiment 47 or Embodiment 48, wherein
said auxiliary flanges are configured to be fastened to one
another by an adhesive thereby fastening the shell members
associated therewith to each other.
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50. A method for manufacturing a vehicle BIW sub-assem-
bly; the method comprising the steps of:

(a) providing two or more structural members each having
at least one engaging portion;

(b) providing at least two separate shell members, which
when assembled with each other form a node unit with
two or more designated sockets each configured to
snugly receive one of the engaging portions of the two
or more structural members, at least one of the desig-
nated sockets being an interior socket formed between
socket portions of the at least two shell members;

(c) assembling the shell members and the structural
members by ensuring that the engaging portions of the
structural members are snugly received within the
designated sockets;

(d) the assembling of step (c) comprising fastening the
shell members to each other over the engaging portion
of at least one of the structural members to as to form
the interior socket and fixedly secure this, fasten-over
engaging portion within the interior socket of the node
unit.

51. The method according to Embodiment 50, optionally
further comprising snugly inserting at least one of the a
second engaging portion of the structural members other
than the fasten-over engaging portion into to a second the a
designated socket other than said interior designated socket,
and fastening this other, non-fasten-over engaging portion
therewithin.

52. The method according to Embodiment 50 or Embodi-
ment 51, wherein said fastening of the two or more shell
members is performed by an adhesive.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to better understand the subject matter that is
disclosed herein and to exemplify how it may be carried out
in practice, embodiments will now be described, by way of
non-limiting examples only, with reference to the accompa-
nying drawings, in which:

FIG. 1 is a front perspective view of one example of a
BIW of a vehicle, where different node units according to the
presently disclosed subject matter are used;

FIG. 2 is an enlarged plan view of one shell member of a
node unit according to one example of the presently dis-
closed subject matter, with associated structural members
received therein, before another shell member of the node
unit has been fixed thereto for use in the BIW shown in FIG.
1

FIG. 3A is a perspective view of the interior of the shell
member shown in FIG. 2;

FIG. 3B is a perspective view of the interior of the other
shell member configured to be fixed to the shell member
shown in FIG. 2, to form a node unit;

FIG. 4Ais a side perspective view of the node unit, whose
shell members are shown in FIGS. 2 to 3B, in an assembled
state;

FIG. 45 is a front perspective view of a node unit
according to another example of the presently disclosed
subject matter;

FIG. 5 is a perspective bottom view of one node unit
attached with another node unit, according to a further
example of the presently disclosed subject matter;

FIG. 6 is a perspective view of a BIW of a vehicle with
a side wall of the vehicle constituting a shell member for a
node unit of the BIW,

FIG. 7A is a perspective view of a node unit with an
independent socket, according to a further example of the



US 12,233,939 B2

9

presently disclosed subject matter, shown with three struc-
tural members connected thereby;

FIG. 7B is a cross section view of the node unit and
structural members shown in FIG. 7A taken along the line
A-A;

FIG. 8 is a plan view of a node unit comprising fasteners,
according to a still further example of the presently dis-
closed subject matter; and

FIG. 9 is a plan view of a foldable node unit, according
to a still further embodiment of the presently disclosed
subject matter.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 illustrates a vehicle Body In White (BIW), which
is a vehicle spaceframe structure 1 consisting of structural
members in the form of beams connected to each other by
node units at intersection/meeting areas. Each node unit has
at least two designated sockets node unit, each configured to
snugly receive therein a portion of a different beam, referred
to herein as an engaging portion of the beam, so as to fixedly
secure in place this engaging portion and thus the beam, and
thereby adjoin the two different beams into a unified struc-
ture while maintaining their desired mutual orientation.

In the BIW shown in FIG. 1, there is a plurality of such
beams with their engaging portions received in respective
node units, of which for the purpose of brevity, only one
node unit which is designated as 15, and only two beams
which are designated as 11 and 13, will be referred to in the
description below, whilst the description is fully applicable
to all other node units and beams connected thereby.

In the illustrated example, as seen in FIG. 2, each beam
11,13 comprises engaging portions 111 and 113, while the
node unit 15 comprises two designated sockets 17 and 19,
each configured to snugly receive the respective engaging
portion 111,113. As can be understood from FIG. 2, the
engaging portion 111 constitutes a middle engaging portion
as it is disposed between side portions 11a and 115 of the
structural member 11. Suitably, as seen in FIG. 1, the
corresponding socket 17 accommodating this engaging por-
tion 111, constitutes an embracing socket as it has two
opposed and aligned openings 17' and 17", which render it
suitable for receiving therein the middle engaging portion
111 in a manner which allows the side portions of the beam
11 to protrude from the openings 17' and 17".

The node unit 15 consists of two shell members 154 and
154, shown separately from each other in FIGS. 3A and 3B,
configured to be fastened to each other to form the node unit
15 with the designated sockets 17 and 19 thereof. Each shell
member 154,155 constitutes one half of the node unit 15,
such that socket portions 154a and 1545 form together the
designated socket 19, while portions 155¢ and 15556 form
together the designated socket 17. These designated sockets
are interior sockets formed between the two shell members
15a and 155, as best seen in FIG. 4A with respect to the
interior socket 17.

In other embodiments of the presently disclosed subject
matter, at least one socket can be a non-interior, independent
socket, formed in one of the shell members, and more than
two shell members can be required for forming a single
interior socket and thus a complete node unit.

Reverting to FIG. 2, the structural members 11 and 13 are
initially positioned in one of the shell members, e.g. the
member 15a such that their engaging portions 111 and 113
are oriented in 90 degrees with respect to each other, and the

10

15

20

25

30

35

40

45

50

55

60

65

10

shell members 1554 is then fastened to the shell member 154,
so as to fixedly secure the engaging portions 111, 113 in
place.

As seen in FIGS. 3A and 3B, the shell members 15a and
156 comprise mating pairs of auxiliary flanges 151a and
15154, respectively. When the shell members 15a and 155 are
assembled together to form the node unit 15, the mating
pairs of the auxiliary flanges contact each other.

To fixedly secure the two shell members 15a and 155 to
each other along the above pairs of flanges, and thereby the
two engaging portions 111,113 within the designated sockets
17,19, any suitable fixation techniques can be used. One
example of this is gluing the flanges to each other by an
adhesive which can be applied at the contact areas thereof.
In this example, the contact area between the auxiliary
flanges of the two shell members constitutes a majority of
the total contact area between the shell members, which
allows applying a relatively large amount of adhesive
thereon, so as to create a strong bond between the two shell
members 15a and 155.

In order to increase the integrity of the connection, the
auxiliary flanges 151a, 1515 can be pressed against each
other after the application of the adhesive, and the adhesive
can also be applied between portions 153a and 1535 located
on an inner surface of the shell member 154, and on an outer
surface of shell member 155, respectively, as well as within
the sockets 17 and 19.

The above manner of connection allows the beams 11 and
13 together with their engaging portions 111 and 113, to be
made of any material including a composite material. The
same is correct regarding the node 15, i.e. the shell members
15a and 154, which in this example can be made of pressed
aluminum sheet.

Whilst the shell members 15a and 155 described above
are shown as being pre-formed to have their interior of the
desired configuration, this does not need to be the case.
Thus, for example, the shell members can be forced to
receive the desired configuration by pressing a flat alumi-
num sheet against the corresponding structural members
arranged in a desired disposition, at their intersection area,
so that the corresponding interior sockets 17 and 19 are
formed, conforming in shape to that of the engaging portions
111,113.

Regarding the mutual disposition of structural members
with respect to each other and, consequently, of their engag-
ing portions with the corresponding node unit, these portions
can be in contact with each other within the node unit.

In example shown in FIG. 2, the engaging portions 111
and 113 of the respective beams 11 and 13 are received
within the respective designated sockets 17 and 19 so that
they contact each other at an interface area 12. In this case
the interface 12 is a load bearing interface, allowing the load
transfer between the beams 11 and 13 within the node unit
15. However, when such load transfer between two struc-
tural members connected by a node unit is not desired, the
can be spaced from each other, e.g. by the body of the node
unit.

The description above exemplifies how two structural
members can be adjoined, at a mutually perpendicular
orientation, by a node unit assembled of two shell members.
However, the number of structural members connected by a
single node unit in accordance with the presently disclosed
subject matter can be any desired and they can have any
desired mutual orientation. One example this option is a ‘star
like’ configuration wherein structural members extend radi-
ally from a common central area disposed within a node
unit. Also, node units according to the presently disclosed
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subject matter can be assembled from any number of shell
members and/or can be connected to each other to form a
combined node structure. node unit

One example of such combined node structure is shown
in FIG. 5 illustrating two connected node units 25 and 35,
the former configured to connect engaging portions of two
beams 21 and 22 of the vehicle BIW shown in FIG. 1, and
the latter configured to connect engaging portions of two
beams 23 and 24. The connection between the two node
units can be performed by welding or otherwise fixing them
to each other at a zone 30.

Node units according to the presently disclosed subject
matter can be connected or constitute a part of a component
of a vehicle, which does not necessarily has to constitute a
part of its BIW.

One example of such an option is shown in FIG. 6, which
illustrates a BIW of a vehicle 50 together with a side wall 52
of the vehicle. The side wall 52 is integrally connected with
a shell member [not seen], which is formed as a mate to shell
member 51, in the node unit 45. The two shell members are
configured to be fastened to each other over the structural
members 56a, 565 and 56¢, and thereby form the node unit
45.

Having a shell member integrally connected to the wall 52
of the vehicle, allows the vehicle BIW to be assembled in
layers together with the wall 52. The first layer includes the
wall 52 together with the node integral therewith [not seen],
the second layer includes the structural members 56a, 565
and 56¢, and the third layer includes the shell member 51.
The layers can be assembled to each other, for example, by
means of an adhesive being applied between at least some of
their contact areas.

A node unit with its shell members according to the
presently disclosed subject matter can have, in addition to at
least one interior socket such as those described above,
which is formed by the assembly of the shell members, at
least one exterior socket constituting a part of one of the
shell members independently of any other shell member. A
structural member received within such exterior socket or at
least its engaging portion can be made of a material different
from that of which the structural members received in the
interior sockets or at least their engaging portions can be
made. For example, the latter material can be a metal or an
allow and the latter can be a composite material.

FIG. 7A illustrates one example of such node unit 55
having two shell members 55a and 555, and three designated
sockets 56, 57, and 58, each snugly receiving an engaging
portion of a beam 60, 61 and 62, respectively. The sockets
57 and 58 are interior sockets defined between the shell
members 55a and 555, whereas the socket 56 is an exterior,
independent socket formed merely in the shell member 55a.

To assemble such connection of the beams 60, 61 and 62,
the shell members 55a and 555 can firstly be assembled and
fastened to each other over the engaging portions of the
beams 60 and 62, so as to fixedly secure these beams within
the interior sockets 57 and 58, while the beam 61 can be
subsequently inserted into, and be fixed within, the socket
56.

As seen in FIG. 7B the beam 62 is disposed along a
vertical plane and appears to be leaning on the beam 61 via
an interface 60', while the beam 61 is disposed on a
horizontal plane and appears to be leaning merely on the
body of the node unit 55. In this example, the node unit 55
should have such integrity which allows it to support the
beam 61.
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In the above structure, the beam 61 or at least its engaging

portion can be made of metal, e.g. aluminum, while the
beams 60 and 62 or at least their engaging portions can be
made of composite material.
Though as mentioned above, shell members of node units of
the presently disclosed subject matter can be fixed to each
together by an adhesive, other fastening techniques can be
used as well, instead or in combination with an adhesive.
One example of this option is shown in FIG. 8 which
illustrates a node unit 65 assembled of two shell members
65a and 655, fastened to each other by two fasteners 66 and
68, at their auxiliary flanges, fixedly securing them to each
other.

It can also be appreciated that shell members according to
the presently disclosed subject matter can be connected to
each other at one side thereof prior to their being assembled
to form a node unit. Such connection can be a result of the
shell members being formed as a unitary body in which two
shell members are constituted by two shell portions of the
body connected at along a folding line.

FIG. 9 shows one example of such option, in which a
unitary node unit body 75 comprises two shell portions 75a
and 75b connected along 75'. The node unit body 75 is
shown in its unfolded state in FIG. 9. When folded, the shell
portions 75a and 755 form designated sockets in a similar
manner to that described above for the node unit 15.

The invention claimed is:

1. A vehicle, comprising:

a body in white (“BIW”) comprising two or more struc-
tural members having two or more respective engaging
portions;

wherein the two or more respective engaging portions of
at least two of the two or more structural members
being connected to each other by a node unit formed of
two or more shell members assembled with each other,
the node unit having at least two designated sockets,
each of the at least two designated sockets snugly
receiving one of the two or more respective engaging
portions of one of the two or more structural members;

wherein at least one of said at least two designated sockets
is an interior socket formed between the two or more
shell members, wherein one of the two or more shell
members constitutes a part of a wall of the vehicle.

2. The vehicle of claim 1, wherein at least one engaging
portion of the two or more respective engaging portions
received within said interior socket is made of a composite
material.

3. The vehicle of claim 2, wherein the two or more shell
members are fastened to each other over the engaging
portion made of a composite material.

4. The vehicle of claim 1, wherein two or more of the at
least two designated sockets of the node unit are interior
sockets defined between at least two of the two or more shell
members, and the at least two of the two or more shell
members are fastened to each other over the respective
engaging portions.

5. The vehicle of claim 1, wherein the two or more
structural members are beams or pillars of the BIW of the
vehicle.

6. The vehicle of claim 1, wherein the two or more shell
members are configured to be pressed at least against a
respective engaging portion of at least one of the two or
more structural members so that the interior socket is
rendered a shape conforming to the shape of this respective
engaging portion.

7. The vehicle of claim 1, wherein the engaging portion of
at least one of the two or more structural members consti-
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tutes a middle engaging portion disposed between side
portions of the structural member, and the corresponding
socket constitutes an embracing socket receiving therein the
middle engaging portion so that the side portions of the
structural member protrude therefrom.

8. The vehicle of claim 7, wherein the embracing socket
is the interior socket.

9. The vehicle of claim 1, wherein the two or more
designated sockets are interior sockets formed between two
or more of the two or more shell members.

10. The vehicle of claim 1, wherein the designated sockets
have such mutual orientation that, when the engaging por-
tions are received therewithin they have a load bearing
interface between them.

11. The vehicle of claim 10, wherein the load bearing
interface is a partition at least partially separating between
the sockets.

12. The vehicle of claim 1, wherein the two or more shell
members are configured to be fastened to one another by an
adhesive.

13. A method for manufacturing a vehicle having a body
in white (“BIW”), the method comprising:
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providing two or more structural members having two or

more respective engaging portions;

providing a node unit comprising two or more shell

members, which when assembled with each other form
the node unit, the node unit having at least two desig-
nated sockets each configured to snugly receive an
engaging portion of the two or more respective engag-
ing portions, wherein at least one of said at least two
designated sockets is an interior socket formed between
the two or more shell members, wherein one of the two
or more shell members constitutes a part of a wall of the
vehicle; and

fastening at least two of the two or more shell members

to each other over at least one engaging portion to
fixedly secure at least that engaging portion within an
interior socket of the node unit.

14. The method of claim 12, further comprising snugly
inserting a second engaging portion to a second designated
socket, and fastening this engaging portion therewithin.

15. The method of claim 12, wherein said fastening of the
two or more shell members is performed by an adhesive.
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